Human resources for health (HRH) are the backbone of the healthcare system, but a shortage of medical manpower and the misdistribution of human resources are critical problems in the rural areas of many countries till 2017. The shortage of medical manpower is a big issue between 2004 and 2013. Data mining of bibliometrics is a good tool to find the solutions for shortage of medical manpower. By analyzing 118,092 citations in 2,000 articles published in the SSCI and SCI databases addressing HRH from 2004 to 2013, we plotted the networks among authors in the field. We combine quantitative bibliometrics and a qualitative literature review to determine the important articles and to realize the relationships between important topics in this field. We find that retention and task shifting are the hot topics in HRH field between 2004 and 2013, and find out the solutions for these issues through literature review in later papers. The solution to the HRH shortage is to determine the motivations of health workers and to provide incentives to maintain their retention. Task shifting is another solution to the HRH crisis.
Introduction
There is a broad consensus that shows qualified, accessible, and responsive human resources for health (HRH) can make a major impact on the health of the people. At the same time, there is widespread recognition that human resources for health (HRH) crises particularly in low-and middle-income countries (LMICs) impede the achievement of better health outcomes/targets (Lassi et al., 2016) . The proposals for re-defining the roles Africa's health workforce have centred on basing the continent's healthcare delivery on non-physician clinicians (NPCs) who can be quickly trained and widely distributed to treat majority of the common diseases (Olapade-Olaopa, Sewankambo, & Iputo, 2017) . The shortage of medical manpower is a big issue between 2004 and 2013. Data mining of bibliometrics is a good tool to find the solutions for shortage of medical manpower.
The shortage of medical manpower and the misdistribution of human resources are critical problems in the rural areas of many countries till 2017. Quality health care depends on policies to ensure that health workers are available in sufficient numbers (World Health Organization, 2006) . The health workforce is the backbone of every health system (Anyangwe & Mtonga, 2007) . The workforce utilization of human resources for health (HRH) is a key component of effective health service delivery (Suter et al., 2014) . Challenges related to human resources for health (HRH) are important in low-and middle-income countries. These challenges include shortages of staff, shortages of health workers in remote rural districts, staff absenteeism and poor motivation. These problems are likely caused by low pay, poor supervision and support, and unsatisfactory working conditions (Chopra, Munro, Lavis, Vist, & Bennett, 2008) . A higher density of health workers and nurses increases the availability of vaccination services, and a shortage of HRH can significantly constrain vaccination coverage in developing countries. The density of HRH is important to the rates of maternal mortality, infant mortality, and mortality under five years of age (Anand & Bä rnighausen, 2004) .
In order to achieve the Sustainable Development Goals (SDGs), equitable access to a skilled and motivated health worker within a performing health system is need to be ensured (Lassi et al., 2016) . The recruitment and retention of health professionals in remote and rural areas is challenging; a lack of health professionals correlates with the poorer health status of remote and rural residents (Campbell, McAllister, & Eley, 2012) . Motivation is 'an individual's degree of willingness to exert and maintain effort towards organizational goals' (Franco, Bennett, & Kanfer, 2002) . Health worker retention is critical for health system performance. The key is determining how to motivate and retain health workers; both financial and non-financial incentives affect motivation and retention (Willis-Shattuck et al., 2008 ).
In Africa, task shifting offers high-quality, cost-effective care to more patients than a physician-centered model. The primary challenges regarding implementation include adequate and sustainable training, support and pay for staff in new roles, integrating new members in the medical team, and compliance with regulatory bodies (Callaghan, Ford, & Schneider, 2010) . Substitute health workers assume some of the functions and roles reserved for health professionals, such as doctors, nurses and pharmacists. However, substitute health workers likely receive less medical training and possess fewer qualifications (Dovlo, 2004) .
In this study, a bibliometric analysis of popular articles was adopted. Wagstaff and Culyer used bibliometrics to examine the last forty years of health economics. They used bibliographic "metadata" from EconLit supplemented by citation data from Google Scholar to report the development of health economics (Wagstaff & Culyer, 2012) . Social networking posits that each person is part of a sub-set of familiar people. This network can be represented as a set of points (or vertices) joined in pairs by the lines (or edges) that meet. One could, in principle, build a social network for a company, firm, school, university, other community or the entire world (Newman, 2001) . A famous early empirical study of the structure of social networks was conducted by Stanley Milgram (Milgram, 1967) . We used a co-citation analysis method to create a virtual social network among scholars.
After the bibliometric analysis, we found that the hot issue in many HRH papers was the shortage of health workers and how to retain them. Many authors provided methods to improve health workers' motivation. As the health worker shortage continues, how to use task shifting to achieve high performance for health care was also a concern. This study determined the popular topics and then depicted the social HRH networks among researchers. This study then went further and explored how to use health workers to maintain and improve the quality of health care.
Method
In this study, the well-recognized high-quality databases Science Citation Index (SCI) and Social Sciences Citation Index (SSCI) were adopted. First, we used bibliometric method to determine the quantity of popular journal papers, popular authors and popular keywords. Second, we adopted social network analysis to identify eight popular issues in the HRH field. Finally, a qualitative literature review was performed. The goal of this study is to provide virtual social HRH networks and thereby understand the relationships between the authors on these topics. This study also attempts to identify the authors' contributions in the field. On this basis, this study used citation data from the literature regarding HRH from 2004 to 2013. We searched the terms "human resources" and "health" in journals listed in the SSCI and the SCI. We selected the top-ranking 1,000 papers (times-cited ranking, highly cited ranking) in each five-year period (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) . Finally, we analyzed 118,092 citations of 2,000 articles from [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . The citation data used in this study include journal articles, authors, keywords, and cited references.
The structure of scientific collaboration networks was studied by Newman (2001) . Two scientists are considered to be connected if they have authored a paper together, and explicit networks of these connections are constructed by using data obtained from many databases (Newman, 2001 ). The networks mentioned by Newman were the "real" social networks. We attempted to define a "virtual" social network. One paper that cited two different authors at the same time was called a "co-citation": there was some relationship between these two different authors. Therefore, these two authors produce a link in the virtual social network. Co-citation analysis is a bibliometric technique that scientists use to map the intellectual structure of an academic field and involves counting documents from paired or co-cited documents. The analysis compiles co-citation counts in a matrix form and statistically scales them to capture a snapshot at a distinct point of the knowledge structure (Small, 1993) .
Citation and co-citation analysis are the primary methods used in this study. First, the databases were identified as the sources of HRH publications. Then, data collection and analysis techniques were designed to collect information regarding topics and authors in HRH research. The collected data were analyzed and systematized by sorting, screening, summing, sub-totaling, and ranking. The data were run through the UCINET software (Borgatti, Everett, & Freeman, 2002) . After a series of operations, key nodes were identified in the invisible network of HRH knowledge. Finally, co-citation analysis was used, and it revealed the virtual social HRH network. The networks were mapped to describe "author factions" in the field of HRH.
Results
After analyzing the 118,092 citations from 2,000 HRH articles published in the SSCI and SCI journals from 2004 to 2013, a timeline of the most cited authors and papers was developed. The detailed data included 56,087 citations of 1,000 articles from 2004 to 2008 and 62,005 citations of 1,000 articles from 2009 to 2013. Table 1 shows the historical timeline for HRH issues in the database. The frequency of citation (times cited) indicates the importance of the article. The most influential article is assumed to be the most frequently cited. Table 2 shows the keyword analysis of 2,000 articles published in the SSCI and SCI journals. We compared the keywords between the two five-year periods (2004-2008 and 2009-2013) . Most of the keywords focused on HRH in Africa and HIV (human immunodeficiency virus) care. 
Citation Analysis and Development of the Timeline

Keyword Analysis Reveals Research Trends
Co-Citation Analysis
If one paper cited two different authors at the same time, it was called a "co -citation": there was some relationship between these two authors. The first five-year virtual social network diagram ( We adopted a factor analysis to distinguish the groups of authors into different factions. Virtual social network analysis techniques were used to plot the relationships in the co-citation matrix. We identified the strongest connections and the important authors. Figures 1 and 2 show the research themes of the authors in HRH studies. Different node shapes appeared after performing a "faction study" of these authors (Wang, McLee, & Kuo, 2011) . This method groups elements in a network based on the sharing of common connections to one another. The few scholars in Figures 1 and 2 with the most links (co-citation) are the important persons in HRH research. For these scholars, there were heavy and dense links, and these core authors occupied advantageous positions in health care research; their publications and research revealed the research development trend in this field. Although the diagrams in Figures 1 and 2 provide a clear picture, they focus on only the core areas. The important authors are the core of the network. Figure 1 represents the first five -year interval, and Figure 2 represents the next five-year interval. We compared the cores of both networks and located the paradigm shift in the authors between the two periods.
By using the co-citation matrix and factor analysis, the correlations among the authors were analyzed. When the authors are grouped together, there are common elements among them. According to this analysis, the closeness of these authors revealed their algorithmic similarities as perceived by the citers (Wang et al., 2011) . The co-citation correlation matrix was factor analyzed with varimax rotation, a common procedure that attempts to fit (or load) the maximum number of authors with the minimum number of factors (McCain, 1990) . Eight factors were extracted from the data from 2009 to 2013; together, they explained over 78.6% of the variance in the correlation matrix. Table 3 lists the 8 most important factors and the authors that had a factor loading of at least 0.5. As is usual in this type of analysis, authors with less than a 0.5 loading were dropped from the results (White & Griffith, 1981) . We tentatively assigned names to the factors on the basis of our own interpretation of the authors with high loadings. Our interpretation of the results is that HRH research from 2009-2013 comprises at least the following 8 different sub-fields: HIV care, staffing and education, cancer survival, low and middle income countries, maternal and child health, infection, Sub-Saharan Africa and cancer mortality (see Table 3 ). We made no attempt to interpret the remaining factors because of their small eigenvalues.
Discussion
The Findings from the Timeline, the Keyword Analysis and the Co-Citation Analysis
We find the hot topics are retention and task shifting in HRH field. Chen, shown with 39 citations in Table 1 , indicated that nearly all countries are challenged by worker shortages, skill-mix imbalances, misdistribution, poor work environments, and weak knowledge training. Especially in the poorest countries, the workforce is affected by HIV/AIDS, out-migration, and inadequate investment (Chen et al., 2004) . Lehmann, shown with 9 citations in Table 1 , focused on staffing remote rural areas in middle-and low-income countries. Concerning the attraction and retention of health workers, there is a strong argument for interventions that include attention to living and working environments and conditions and to development opportunities (Lehmann, Dieleman, & Martineau, 2008) . Chopra, shown with 9 citations in Table 1 , examined the effects of policy options for HRH. There were several important issues for human resources, such as substitution, shifting tasks between different types of health workers, or extending their roles. Performance-enhancing strategies drew researchers' attention, such as quality improvement, continuing education strategies, promotion of teamwork, and change s to workflows (Chopra et al., 2008) . Callaghan, shown with 9 citations in Table 1 , focused on task shifting for HIV treatment and care in Africa. Task shifting is a viable and rapid response to Sub-Saharan Africa's human resource crisis in HIV care (Callaghan et al., 2010) .
The keywords arranged in front were important themes. After a critical qualitative literature review, a subjective selection of popular keywords was performed. We chose the hot keywords, such as human immunodeficiency virus, Sub-Saharan Africa, developing countries and antiretroviral therapy. Most of the important keywords revealed that task shifting to assist with HIV care in Africa is valuable. 
Migration and Brain Drain
International migration is widely blamed for the shortage of health workers, and certainly, many health workers are moving to developed countries (Hongoro & Normand, 2006) . Currently, many hospitals in middle-and low-income countries suffer from staff shortages and/or the misdistribution of health workers (Lehmann et al., 2008) . The migration of doctors and nurses resembles a carousel of multiple entry and exit paths from low-to high-income regions and countries (Chen et al., 2004) . In most developing countries, the health workforce is concentrated in larger cities and capitals, whereas rural areas attract few doctors and nurses (Anyangwe & Mtonga, 2007) . Brain drain has also weakened the workforce of doctors in many poor countries and limits the ability of these countries to respond to HIV infections, AIDS, and other pressing needs (Mullan, 2005) .
Many health workers seek a better life and more rewarding work by departing for wealthier countries (Chen et al., 2004) . Low wages, poor working conditions, and a lack of supervision, equipment and infrastructure contribute to the flight of health workers from remote areas (Lehmann et al., 2008) . Nurse migration has been shown to be motivated by the need for professional development, better quality of life and personal safety (Kingma, 2001) . Female health workers tend to avoid rural and remote areas (Dussault & Franceschini, 2006) . Doctors and nurses are reluctant to relocate to remote areas with poor communication with the rest of the country and a less comfortable environment for health professionals and their families (Dussault & Franceschini, 2006) . A 'medical carousel' whereby health workers move to wealthy countries leaves the poorest countries with limited resources. Staff shortages increase the workloads and stress levels of remaining staff. To manage an increased workload, staff must sometimes lower the quality of care (Willis-Shattuck et al., 2008) .
Regarding the migration of health workers, there is internal migration within a country and international migration to other countries. Internal migration always occurs from rural areas to cities. International migration always occurs from poor to rich countries. Low job satisfaction and a lack of incentives affect the performance of health workers and cause them to leave. Therefore, good policy decisions must be made to prevent health workers from migrating. A sufficient number of health workers must remain to maintain the quality of health care.
Retention of Health Workers
The following motivational themes for health workers were identified: financial rewards, career development, continuing education, hospital infrastructure, resource availability, hospital management, recognition and appreciation. There was some evidence that initiatives to improve motivation have been effective in maintaining retention. Financial incentives, career development and management issues are core factors (Willis-Shattuck et al., 2008) . Low salaries and unsatisfactory working conditions are reasons for not practicing in rural and remote areas (Dussault & Franceschini, 2006) . Several incentives were found to be effective in retaining staff in rural areas. These incentives included providing housing and transportation, agreeing to the number of years that would be spent in the rural location, offering medical training, and offering financial incentives (Stilwell et al., 2004) . Continuing professional development improves professional job satisfaction and may support rural recruitment and the retention of doctors and health workers (Wilson et al., 2009) . Improving the social and professional recognition of health professionals in remote areas was another method of motivation (Dussault & Franceschini, 2006) .
The way to retain health workers is to discover their motivations and provide them with incentives. These strategies include increasing salaries, providing continuous medical training and career development programs, maintaining good relationships among medical team members, improving the infrastructure and equipment in hospitals, and providing sufficient medication and materials.
Task Shifting
Since the 2006 World Health Report advocated increased community participation and the systematic delegation of tasks to less-specialized personnel, there have been many debates regarding the efficacy, modalities and expediency of task shifting (Lehmann, Van Damme, Barten, & Sanders, 2009 ). The opportunities from task shifting include increasing access to health care, expanding the workforce skills mix, improving health-system efficiency, enhancing the role of the community, and reducing costs, attrition and international 'brain drain'. The challenges of task shifting include maintaining medical quality and patient safety, addressing professional and institutional resistance, sustaining motivation and performance, and preventing the deaths of health workers from infectious diseases (Zachariah et al., 2009 ).
The delegation of medical tasks from one cadre to another has been used for many decades to enhance quality and reduce costs, especially in understaffed rural areas (Lehmann et al., 2009) . In Africa, non-physician clinicians have been trained to fill various roles. Good health outcomes can be achieved by shifting tasks to nurses and community health workers (Callaghan et al., 2010) . Non-physician clinicians (NPCs) are not trained as physicians but assume many of the diagnostic and clinical functions of medical doctors. All NPCs performed basic diagnosis and medical treatment. Many NPCs were recruited from rural and poor areas and worked in these regions. Low training costs, short training durations, and success in rural placements suggest that NPCs can play a substantial role in the expansion of health workforces in African countries in terms of HIV/AIDS care (Mullan & Frehywot, 2008 ).
The potential for task shifting in HIV care was elaborated by the World Health Organization, which suggested that nurses and health workers could be trained to provide primary care to HIV patients (Callaghan et al., 2010) . Nurse-managed antiretroviral therapy (ART) for HIV infections was not inferior to doctor-managed ART in Africa: both treatment services had similar outcomes for viral suppression, adherence, toxicity and death (Sanne et al., 2010) . Delegating tasks can improve the coverage and quality of and access to health services (Lehmann et al., 2009 ). Efforts at improving Africa's health systems can only succeed if the necessary socio-economic, educational, and technological infrastructure are in place (Olapade-Olaopa et al., 2017) .
Task shifting is recognized as a valuable method to solve the HRH crisis. Non-physician clinicians (NPCs) are also more likely to remain in their rural communities and provide primary care. The government must promote the implementation of related policies regarding task shifting when an HRH shortage occurs. Good leadership from a regulatory framework is indispensable. The continuous medical training of NPCs ensures that there are adequate, qualified HRH. Task shifting can provide sustainable contributions from cost-effective and equitable health care, but there are several risks, such as misdiagnosis and administering the wrong medicine and treatment. Therefore, the government must oversee task shifting to ensure adherence to regulations and appropriate training and financing.
We find that retention and task shifting are the hot topics in HRH field between 2004 and 2013, and find out the solutions for these issues through literature review in later papers.
Contributions to Scholarship
This study analyzed the citation data for various papers addressing HRH, identified similar themes across various researchers, and determined the hot topics being discussed through a qualitative method. We adopted bibliometric methods to generate quantitative data and then identified important HRH issues using subjective judgment. Finally, we adopted a qualitative literature review to explore the important issues. This study is a mixed method of quantitative and qualitative research. The qualitative literature review of frequently cited papers provokes critical thinking regarding HRH.
Our interpretation of the results is that HRH research from 2009-2013 comprises at least the following 8 different sub-fields: HIV care; staffing and education; cancer survival; low-and middle-income countries; maternal and child health; infection; Sub-Saharan Africa; and cancer mortality. Therefore, we discussed motivations, incentives, retention and task shifting in HRH.
The improvement of many health outcomes cannot be achieved if vulnerable populations do not have access to skilled medical personnel (Dussault & Franceschini, 2006) . High-income countries have shown that increased numbers of nursing staff were associated with improved inpatient outcomes. Reduced workflow or workload can increase efficiency in high-income countries. Teamwork, defined as interventions to improve the collaboration between doctors and nurses, was shown to be a promising intervention, with the potential to reduce costs and positively affect practitioners and patients (Chopra et al., 2008) . Policy options in HRH include training, regulations, financing, organizational mechanisms, macro policies and mechanisms in other sectors (Chopra et al., 2008) .
Applied Implications
HRH are the core component of medical systems. To resolve the shortage in health care personnel, policy makers may consider the following options: recruiting health workers to practice in rural areas; improving their working and living conditions; providing incentives; requiring compulsory service; changing or discontinuing services; improving hospital infrastructure and equipment; changing workflows; developing alternative service delivery systems and using substitute personnel (task shifting).
In countries around the world, the lack of medical personnel, uneven distribution of medical personnel and medical brain drain were significant problems. These problems will increase maternal and infant mortality, cancer mortality, infection rates, HIV prevalence and mortality, etc. Therefore, the development of strategies to solve the HRH crisis is an important issue. Beyond the role of government and the private sector, every organization must confront the shortage of medical personnel. After a qualitative literature review, we discovered several possible responses. The solution for HRH is to discover the motivations of health workers and to provide incentives to maintain their retention. Task shifting is another solution to the HRH crisis.
Limitations and Future Research Directions
The citations used in this study are the voting behaviors of many authors. However, the citations are from old articles. Citation analysis can find the previous paradigm and paradigm shift, but some authors are too new to be cited. Thus, we cannot identify the important authors in the future, but we can find the research trends.
